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Does Seasonality Affect the Nest Productivity, Body Size, and Food Niche of Tetrapedia 
curvitarsis Friese (Apidae, Tetrapediini)?
Introduction
Tetrapedia curvitarsis Friese is a widely distributed 
species, frequently found in surveys in the states of Minas 
Gerais and São Paulo (Camillo, 2005; Alves-dos-Santos et 
al., 2007; Pinto et al., 2015). Like other species of the genus 
Tetrapedia, this species has the behavior of nesting in pre-
existing cavities (Garófalo et al., 2004; Camillo, 2005; 
Martins et al., 2012), allowing more detailed study of its 
nesting behavior. 
The species of Tetrapedia with known nests, Tetrapedia 
diversipes Klug, T. curvitarsis, Tetrapedia rugulosa Friese, 
and Tetrapedia garofaloi Moure present more than one 
generation per year, higher activity of individuals in the wet 
season, and the occurrence of pre-pupal diapause (Camilo, 
2005). Additionally, it was observed a biased female sexual 
ratio for T. diversipes, T. rugulosa, and T. garofaloi, but not 
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for T. curvitarsis. All the species studied present females 
larger than males, except T. diversipes (Camilo, 2005). 
Availability of food resources is one of the factors 
that can affect body size of bees. Studies have shown that the 
size of solitary bees is strongly influenced by larvae feeding 
(Bosch & Vicens, 2002; Radmacher & Strohm, 2010), with 
females generally receiving more food than males (Stark, 
1992; Strohm, 2000; Peruquetti & Del Lama, 2003).
Tetrapedia species, in addition to pollen and nectar, 
also use floral oil for the nourishment of bees’ immature. 
Malpighiaceae species are important oil sources for Tetrapedia 
(Camillo, 2005; Alves-dos-Santos et al., 2007). Studies on pollen 
analyses of larval food from nests of T. diversipes also revealed 
the presence of pollen grains of Malpighiaceae species (Menezes 
et al., 2012; Neves et al., 2014). However, species of the genus 
Dalechampia (Euphorbiaceae) and Ludwigia (Onagraceae) were 
identified as the main sources of pollen for this species.
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In the Brazilin savanna, the most important sources 
of pollen and oil sources for Tetrapedia bloom mainly in 
the hot/wet season (Carpentieri-Pípolo et al., 2008; Coelho 
& Spiller, 2008; Mendes et al., 2011), such as most woody 
and herbaceous species (Batalha & Mantovani, 2000). Thus, 
considering the available information on nesting behavior of 
T. curvitarsis, we verified the possible effect of seasonality 
on nest productivity, food niche breadth, and body size of 
individuals in a Brazilian savanna area. 
                                                                                            . 
Material and methods
Study areas and trap-nests
This study was conducted at the Água Limpa 
Experimental Station (ALES) (19º05’48” S and 48º21’05” 
W) belonging to the Federal University of Uberlândia and 
located in the city of Uberlândia, Minas Gerais state. The 
area covers a mixed system with 104 ha of natural areas of 
the Brazilian savanna and 194.72 ha of pastures, crops, and 
orchards (Neto, 2008). 
The area also contains 17 ha of predominantly fruit 
crops, including mango, Mangifera indica L., West Indian 
cherry, Malpighia emarginata DC., passion fruit, Passiflora 
edulis Sims, pineapple, Ananas comosus (L.) Merr., guava, 
Psidium guajava L., and tamarindo, Tamarindus indica L. 
The area presents a seasonal tropical climate. It is 
characterized by cold/dry season, from April to September, 
and a hot/wet season from October to March (Klink & 
Machado, 2005). 
In the study area, two bee shelters, 2.5 m high and 
1.5 m long, were built from wood rafters and plastic canvas 
covers, and they were situated 200m from each other.  These 
bee shelters were supplied with trap-nests, consisting of 
bamboo sticks, commercially used for fishing. These bamboo 
canes were closed at one end by the node, with a length ranging 
from 8.00 cm to 20.10 cm, and diameters between 0.45 cm and 
1.00 cm. New trap-nests were frequently added to maintain 
the availability of these substrates. The nests were organized 
inside building bricks, placed on shelves in the shelters.
Number of nests and cells  
The nests of T. curvitarsis were collected in two 
periods, from April 2009 to March 2010 (Period 1 = P1) 
and from April 2012 to March 2013 (Period 2 = P2). During 
P1, all operculated nests were collected at monthly visits. 
In P2, biweekly visits were made and only half of the total 
operculated nests were collected.
The collected nests were taken to the Laboratory 
of Ecology and Behavior of Bees, Federal University of 
Uberlândia (LECA-INBIO/UFU). Only the individuals from 
P2 were used in the analysis regarding the number of cells, 
according to the season.
The length and diameter of each trap-nest collected 
in P2 were measured with the aid of a pachymeter. After 
emergence, all individuals were sacrificed, mounted with an 
entomological pin, and deposited in the collection of LECA-
INBIO/UFU. Subsequently, the trap-nests were opened and 
their contents analyzed.
Body size of males and females
All individuals of T. curvitarsis that emerged from 
nests collected during P2 were measured. The size of males 
and females was determined from the maximum head width 
(in millimeters) (Fig 1) using the ImageJ 1.44p program 
(Rasband, 1997-2011). For this, all individuals were 
photographed using a digital camera, positioned parallel to 
the measuring structure. The program was calibrated using 
the 10 mm scale in each photo.
Food niche
During the P2, samples of larval food were removed 
from 22 active nests of T. curvitarsis, 11 from the cold/dry 
season and 11 from the hot/wet season. The samples were 
obtained by introducing pollen collectors made of wooden 
sticks and pins at the nest’s entrance. The larval food samples 
were stored into 15 mL centrifuge tubes, with 2 ml 70% alcohol, 
and processed using the acetolysis method (Erdtman, 1960).
 Three slides were prepared from each larval food 
sample (n = 66 slides). The slides were deposited in the pollen 
slide collection of the Laboratory of Plant Morphology, 
Microscopy and Image of the Federal University of Uberlândia 
(LAMOVI-INBIO/UFU). The characteristics of the pollen 
grains outlined by the acetolysis were used to compare the 
grain morphology of collected samples with the literature 
(Salgado-Labouriau, 1973; Roubik & Moreno, 1991), a database 
of pollen grain images (Bastos et al., 2008), and a reference 
slide collection from LAMOVI-INBIO/UFU. 
Fig 1. Measure of the head maximum width of Tetrapedia curvitarsis.
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Quantitative analysis of the larval food sample was 
performed by scanning the entire microscope slide using 800 
× of magnification. For this, the cover slip was divided into 
four quadrants and approximately 400 pollen grains were 
counted, 100 grains in each quadrant and all grains present in 
quadrants that had less than 100 grains (Vilhena et al., 2012). 
Approximately 1,200 grains were counted per nest. Pollen 
types occurring in abundances lower than 3% in each sample 
were excluded from the analysis, as they were considered as 
contaminants.
Data analysis
To verify possible differences in the number of nests 
between the hot/wet and cold/dry seasons, a t-test was 
performed for the data collected in P1 and the Mann-Whitney 
test for the data collected in P2. A Pearson correlation test was 
performed to verify if there was an association between the 
length and diameter of trap-nests and the number of brood cells 
produced, considering all nests, independent of the season. A 
t-test was also performed to evaluate differences between the 
number of cells produced and the seasons of the year. 
 To evaluate if there was a difference in the size of 
the individuals between the sexes, according to the season, 
and whether there was an interaction between these factors, 
a Two-Factor ANOVA was performed using the maximum 
head width measurement. 
All analyzes were performed in the R Studio program 
(version 3.4.0) (R Core Team, 2017) and the normality was 
tested using Kolmogorov–Smirnov (Lilliefors; P>0.05).  
The food niche breadth in each season was calculated 
from the Shannon-Wiener Diversity Index (Camillo & Garófalo, 
1989; Aguiar et al., 2013), and later compared by the Hutcheson 
t-test. In order to establish the degree of uniformity of pollen 
collection in the species of plants visited by bees, the Pielou 
Index (J’) was used. These analyzes were performed in the 
PAST program 2.13 (Hammer et al., 2001; Zar, 2013). To 
verify the similarity in the use of pollen sources between the 
seasons of the year, the percentage of similarity index PS = 
Σ of the lowest percentage of each pollen type was calculated 
(Brower et al., 1997). 
Results
Number of nests and cells  
A total of 51 nests of T. curvitarsis were collected 
during P1 and 45 nests in P2. Nests were collected throughout 
the year, and no significant difference was observed in the 
number of nests between the hot/wet and cold/dry seasons 
(P1: t = 0.33, df = 10, p> 0.05; P2: U = 12.50, n1=6, n2= 6, 
p>0.05) (Fig 2).
The number of cells per nest ranged from 1 to 9. Nests 
containing 5 to 7 cells were the most frequent, representing 
66.67% of nests collected. The number of cells was positively 
correlated with bamboo length (r = 0.52, df = 43, p <0.05) 
(Fig 3A) and diameter (r = 0.58, df = 43, p <0.05) of trap-
nests (Fig 3B). However, as the number of nests produced, the 
number of cells did not differ significantly between seasons 
(t = 0.49; df = 43; p>0.05). 
Fig 2. Abundance of Tetrapedia curvitarsis nests obtained in Period 
1 (April 2009 to March 2010) and in Period 2 (April 2012 to March 
2013), at the Água Limpa Experimental Station, Uberlândia-MG.
Fig 3. Number of brood cells produced in Tetrapedia curvitarsis 
nests, according to length (A) and diameter (B) of trap-nests.
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Body size of males and females
A total of 112 individuals were measured, 44 males 
and 68 females, 46 individuals from the cold/dry season and 
66 from the hot/wet season. The females presented larger head 
widths than the males (F1.108 = 9.36; p <0.05) (Fig 4). Both 
males and females presented a higher maximum head width in 
the hot/wet season (F1.108 = 28.46; p <0.05) (Fig 4). However, 
there was no interaction between sex and season (F1.108 = 0.56; 
p> 0.05), i.e., both factors influenced the individuals’ size 
independently.  
Food niche 
T. curvitarsis used 22 pollen types as sources 
of pollen for larval food, belonging to eight botanical 
families: Asteraceae, Clusiaceae, Euphorbiaceae, Fabaceae, 
Lamiaceae, Malpighiaceae, Myrtaceae, and Sapindaceae. 
According to abundance and frequency data, Kielmeyera 
type was abundantly collected and presented in all nests in 
the cold/dry season and 72.72% of the nests in the hot/wet 
season. In the hot/wet season, 15 pollen types were identified. 
The most abundant pollen types were Kielmeyera (37.24%), 
Maprounea (27.55%), type 1 (12.93%), and type 2 (9.35%) 
(Fig 5). Twelve pollen types were identified in nests collected 
in the cold/dry season. The most abundant pollen types in this 
season were Kielmeyera (73.89%), Vernonia (9.04%), and 
Baccharis (6.19%) (Fig 5).
T. curvitarsis presented a higher food niche breadth 
in the hot/wet season (H’= 1.83) compared to the cold/dry 
season (H’ = 1.04) (t = -43,947, df = 17.516, p <0.05). Higher 
uniformity in the collection of pollen was also observed in the 
hot/wet season (J’ = 0.66) than cold/dry season (J’ = 0.42). In 
addition, similarity in the use of pollen sources between the 
seasons was low (PS=39.05%).
Fig 4 - Maximum head width in millimeters (averages ± standard 
error) of Tetrapedia curvitarsis collected between the seasons (cold 
and dry season and hot and wet season) in the period from April 
2012 to March 2013, at the Água Limpa Experimental Station, 
Uberlândia-MG.
Fig 5. Relative abundance of the pollen types sampled in the larval food of Tetrapedia curvitarsis in cold/dry (samples 1 to 11) and hot/wet 
seasons (samples 12 to 22) in the period from April 2012 to March 2013, at the Água Limpa Experimental Station, Uberlândia-MG. *The 
category “Other” represents the other pollen types which presented relative abundance less than 5%.
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Discussion
In the present study, we did not observe an effect of 
seasonality in the nest productivity. Camillo (2005) suggests 
that during the cold/dry season, mainly between June and 
September, immature of T. curvitarsis probably present a pre-
pupal diapause, thus reducing the activity of the bees during 
this period. In our study, although the number of nests and cells 
found in the cold/dry season was numerically smaller, there 
was no significant difference between the seasons, as registered 
in other studies (Camillo, 2005; Mesquita & Augusto, 2011). 
The highest number of cells was verified in nests with 
longer bamboo length and larger diameter, indicating that the 
females can optimize the use of the substrates for nesting. 
The number of brood cells produced by solitary bee species 
on each nesting substrate tends to increase with the greater 
space availability (Pereira et al., 1999; Aguiar & Garófalo, 
2004; Ramos et al., 2010). It is probable that this mechanism is 
related to the high energy cost of searching for new places for 
the construction of nests. The number of cells produced in a nest 
is also dependent on availability of food (Ramos et al., 2010).
In addition, the choice of cavities by foundress females 
can affect the body size of the offspring. Roulston and Cane 
(2002) verified that species of cavity-nesting bees presented 
significantly greater variation in body size compared to 
ground-nesting species. Thus, these authors suggest that the 
choice of cavity utilized may be a more important predictor of 
offspring body size than parental body size. 
Females of T. curvitaris were larger than males, 
pattern observed for other species of solitary bees (Pereira et 
al., 1999; Camillo, 2005; Bosch & Vicens, 2006). The amount 
of food deposited in the brood cells strongly affects the size of 
the individuals produced (Roulston & Cane, 2002; Bosch & 
Vicens, 2002; Radmacher & Strohm, 2010). Female bees and 
wasps are usually larger than males, due to the greater amount 
of food supplied by the nesting female for their development 
(Stark, 1992; Strohm, 2000; Peruquetti & Del Lama, 2003). 
Especially for females, the body size is a selective 
force that influences surviving and reproduction. A study 
realized with a solitary bee species, Osmia cornuta, recorded 
that small females have larger chances of dying during their 
development, disperse more frequently from their natal 
nesting site, present lower provision rates and produce more 
males (Bosch & Vicens, 2006).
In the present study, we also observed a seasonal effect 
in the size of both sexes males and females being significantly 
larger in the hot/wet season. Greater amount of food stored 
in the brood cell could explain the occurrence of larger 
individuals, as observed in other studies (Roulston & Cane, 
2002; Bosch & Vicens, 2002; Radmacher & Strohm, 2010). 
However, another possible explanation could be 
differences in composition and abundance of the pollen types 
used in the two seasons, as verified in the present study. 
While in the hot/wet season Kielmeyera type and Maprounea 
type together represented, approximately, 65% of the pollen 
grains sampled, in the cold/dry season Kielmeyera type alone 
constituted 74% of the sample. In addition, in general, the 
similarity in pollen type diversity between seasons was low. 
The flexible pollen foraging performed by polylectic 
bees such as T. curvitarsis during the two different seasons 
can result in larval food consisting of pollen types that differ in 
protein content. It is known that the pollen quality of different 
plant families can vary, affecting bee growth and mortality 
(Roulston & Cane, 2002). Experimental study conducted with 
a solitary bee species Lasioglossum zephyrum (Halictidae) 
recorded increase of body sizes of the individuals submitted 
to diet contained rich-protein pollens (Roulston & Cane, 
2002). Then, we suggest that changes in the pollen quality of 
larval food between seasons could also affect the body size of 
individuals of T. curvitarsis.
In conclusion, although we did not observe an effect of 
season on the number of nests or cells produced we recorded 
an effect on the body size of both sexes and on food niche 
breadth. The results suggest the occurrence of a possible 
compensatory effect, in which the productivity of the nests 
is maintained, but there is a change in the quantity and/or 
quality of available food and, consequently, the production of 
smaller individuals. The influence of quantity and quality of 
floral resource, especially pollen, in the determination of body 
size is an issue that we intend to investigate in future studies.
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